Introduction
Pancreatic cancer has been the fourth leading cause of cancer mortality in the USA with a dismal 5-year survival rate of 7%. 1 The latest findings also showed that in contrast to the declining trends for the four major cancers, the mortality of pancreatic cancer continues to increase slightly (by 0.3% per year) in men but have leveled off in women. 2 Similar trends were found in China with increasing incidences and cancer deaths.
Moreover, ~50% of patients had metastatic pancreatic cancer at initial diagnosis. 2 Therefore, priority may be given to the quality of life regarding advanced pancreatic cancer, which required improvement in survival without simultaneous compromise of health-related quality of life (HRQOL) during treatment. Though multiagent chemotherapy regimens have afforded gains in survival, attendant treatment-emergent toxicities might counteract the efficacy and result in the deterioration of HRQOL. As a result, influences on the HRQOL of different chemotherapy regimens were pivotal factors, which should be taken into consideration in clinical decision making.
Additionally, local symptoms, including abdominal pain, loss of appetite and weight, biliary tract obstruction, and pancreatic insufficiency, would lead to nutritional depletion and negatively affect HRQOL. Furthermore, chemotherapy may be less beneficial to remit local symptoms than local treatment. Therefore, radiotherapy could be a better option for the amelioration of abdominal pain, probably contributing to the remission of other symptoms and improvement in HRQOL. Due to precise treatment delivery with sharp dose fall-off within adjacent organs at risk, acceptable toxicity, on-line image verifications, and without delay of sequential chemotherapy, stereotactic body radiation therapy (SBRT) may be a more promising modality to alleviate the pain compared with conventional radiotherapy. Hence, we sought to evaluate the HRQOL after palliative SBRT and different chemotherapy regimens in the management of metastatic pancreatic cancer.
Methods
The Institutional Review Board of Changhai Hospital has approved this study. Individual written informed consent was mandatory before treatment. The study population was prospectively followed up from 2013 to 2017. A prospectively collected database was used to identify patients receiving gemcitabine and nab-paclitaxel (GT) or gemcitabine and S-1 (GS).
eligibility
Pathological examinations with fine needle aspiration guided by endoscopic ultrasound were preferred for all patients. Comprehensive clinical and radiographic stagings, including abdominal computed tomography (CT) or MRI scan were mandatory before treatment. Usually positron emission tomography-CT may also be performed if it was deemed necessary by radiation oncologists. Patients who were treated with SBRT and GT or SBRT and GS were assessed for eligibility. The detailed exclusion criteria are listed in Figure 1 .
sBRT delivery
Radiotherapy was delivered by SBRT. The protocol of SBRT was similar to our previous studies. 4, 5 SBRT was delivered via CyberKnife ® (Accuray Incorporated, Sunnyvale, CA, USA), an image-guided frameless stereotactic robotic radiosurgery system. All patients underwent endoscopic ultrasound-guided implantation of 3-5 gold fiducials within or adjacent to the pancreatic tumor. Patients underwent CT simulation supine in custom-fit immobilization devices with intravenous contrast. Gross tumor volume (GTV) was delineated as a radiographically evident gross disease by contrast CT. Clinical target volume (CTV) encompassing areas of the potential subclinical disease spread was also designated. In most cases, the CTV equaled GTV. Planning target volume (PTV) included a 2-5 mm margin on GTV. When the tumor abutted critical organs, the expansion of PTV outside of CTV in this direction should be avoided. Therefore, the margin expansion was allowed to be nonuniform. 6 At least 90% of PTV should be covered by the prescription dose. Normal tissue constraints were referred to the American Association of Physicists in Medicine guidelines in Task Group-101. 7 
Chemotherapy
Treatment decisions were made at the discretion of the institutional multidisciplinary pancreatic cancer board, which generally followed National Comprehensive Cancer Network guidelines. S-1, the prodrug of 5-fluorouracil comprising tegafur, gimeracil, and oteracil, was an option as the regimen. Previous studies have proven that S-1 was not inferior to gemcitabine in terms of overall survival (OS) rates and progression-free survival (PFS) rates with tolerable effects. [8] [9] [10] [11] Due to the low tolerance of FOLFIRINOX in Chinese, GT was used as the option in addition to GS.
Chemotherapy was delivered after SBRT with an interval of 3 weeks. The regimens were GT group or GS group. Gemcitabine (1000 mg/m 2 ) and nab-paclitaxel (125 mg/m 2 ) were administered on days 1, 8, and 15 every 28 days for 4 cycles. S-1 was orally given at a dose of 80 mg/m 2 for 14 days followed by a 14-day rest for 4 cycles.
Definitions and collection of data
The definition of disease recurrence was based on the review of the medical records and imaging studies. A new low density mass or growth of the tumor on CT or MRI consistent with recurrent local, regional, or new metastatic lesions was considered as such, and tumor biopsy was rarely performed. 12 Differential diagnosis of tumor necrosis induced by SBRT, which may be mistaken for progression, would be performed by three radiologists based on MRI scan. OS 
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sBRT and different chemotherapy for metastatic pancreatic cancer was defined from the initial date of treatment to death. PFS was determined from the initial date of treatment to the date of the first recurrence or death. Adverse effects induced by chemotherapy were evaluated by Common Terminology Criteria for Adverse Events Version 4.0. Radiation-induced acute toxicities were determined by "Acute radiation morbidity scoring criteria" from Radiation Therapy Oncology Group, while late toxicities were evaluated by "Late radiation morbidity scoring schema" from Radiation Therapy Oncology Group/European Organization for Research on the Treatment of Cancer. 13 A systemic inflammation response index (SIRI) might correlate with the survival of patients with pancreatic cancer. 14 The value was calculated as SIRI = total eutrophil count t otal monocyte count / / mm mm 3 3 ( ) × ( ( ) ( ) total lymphocyte count / . mm 3 The prognostic nutritional index (PNI) represented patient's nutritional status, which might also associate with the survival of pancreatic cancer. 15, 16 The formula was as follows: PNI = 10 serum albumin (g / dl) 0.005 total lymphocyte count × × PNI = 10 serum albumin (g / dl) 0.005 total lymphocyte count ( × × / /mm ). 3 Charlson age-comorbidity index (CACI) was originally designed to classify prognostic comorbidity. 17 It was identified that CACI was associated with the prognosis of patients with pancreatic cancer. 18 Pain was quantified by visual analog scale (VAS).
The recommended upper limit of normal for carbohydrate antigen 19-9 (CA19-9) is 37 U/mL. 19 Additionally, a Phase I/II study of nab-paclitaxel + gemcitabine that preceded advanced pancreatic cancer reported a significant correlation between decreases in CA19-9 levels of ≥50 vs <50% 
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Zhu et al from baseline and improved survival. 20 Therefore, CA19-9 response was defined as the level of CA19-9 decrease by 50% from baseline levels of ≥74 U/mL. Hence, three CA19-9 groups were formed for univariate analysis: CA19-9 levels ≥74 U/mL with response vs CA19-9 levels ≥74 U/ mL with no response (including CA19-9 levels within the normal range before SBRT while increased after treatment) vs CA19-9 levels <74 U/mL (before and after treatments). The value of CA19-9 level after the treatment was utilized for the estimation of CA19-9 decrease. Additionally, it was demonstrated that CA19-9 level <200 U/mL was associated with major response for localized pancreatic cancer treated with preoperative therapy. 21 Therefore, the serum level of CA19-9 before SBRT was stratified as <200 and ≥200 U/mL.
evaluation of hRQOl
Patients with advanced cancer may experience moderate-tosevere pain. Cancer pain was suggested to impact psychiatric symptoms, quality of life, and social functioning. Hence, pain alleviation was favorable for the improvement of HRQOL. Although there were many scales assessing HRQOL, only scales validated with local language were employed. Therefore, the Chinese version of Brief Pain Inventory (BPI) 22 and 5-level European quality of life 5-dimensions (EQ-5D-5L) 23 were used in this study. Questionnaires were completed at baseline (before SBRT) and right after the whole treatment. For EQ-5D-5L, a high score represents a high level of quality of life, while a high symptom scale score represents a high burden of symptoms regarding BPI.
BPi
The BPI was first validated in cancer population with an 11-item pain measure. It measures both the intensity of pain (a 4-item sensory dimension) and interference of pain in the patient's life (a 7-item reactive dimension). The severity and interference items were scaled from 0 to 10, with response options rating point 0 being "no pain" and 10 being "pain as bad as you can imagine" for the severity item and being "does not interfere" and "interferes completely" for the interference items, respectively.
eQ-5D-5l
At first, the 3-level European quality of life 5-dimensions was an instrument for valuing health, compromising five items, such as mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, with three levels in each dimension, such as no problems, some problems, and extreme problems. Due to its insensitivity and ceiling effects, EQ-5D-5L was developed. It retained the original items but expanded the number of levels of severity in each dimension from three to five, including "no problems", "slight problems", "moderate problems", "severe problems" and "extreme problems/unable to" for all five items.
Patient-reported global changes
Due to the limited life expectancy, patient-reported global changes were assessed at baseline and right after the completion of the whole treatment. A single item 24 was used as the reference standard for responsiveness. Patients were asked "How would you describe your pain (or other items of HRQOL) now, compared to how you were when you started in our study?" based on the item. It was scaled from 1 to 7, with response options "much better", "moderately better", "a little better", "no change", "a little worse", "moderately worse", and "much worse", respectively. To be simplified, all changes were stratified into "better", "no change", and "worse" in the analysis.
statistical analyses
Patient characteristics and demographic data were summarized by descriptive statistics. Quantitative outcomes were compared by chi-squared test. Next, demographic and clinical factors were investigated for their association with patient-reported global changes in BPI and EQ-5D-5L by Mann-Whitney U-test or Kruskal-Wallis H-test and, then, by multinomial logistic regression because both of them were dichotomized variables. The comparisons of the pretreatment and post-treatment BPI and EQ-5D-5L scores between GT group and GS group were performed by Mann-Whitney U-test. Furthermore, the comparisons of pretreatment and post-treatment BPI and EQ-5D-5L scores in the GT group and in the GS group were performed by Wilcoxon signed-rank test.
To correct for potential imbalances in treatment assignments, propensity score matching was performed to decrease the differences between groups. A logistic regression model was built with treatment modality as the dependent variable and all other variables that could potentially influence its impact as independent variables, including those with statistical significance after univariate analyses and those probably counteracting the effects though without statistical significance. As a result, the independent variables may include pain evaluations before treatment, nutritional status, or medical conditions before treatment.
Two-sided P-values <0.05 were considered statistically significant. Statistical analyses were performed using IBM SPSS Version 22.0 (IBM Corporation, Armonk, NY, USA). 
Results

Patient's characteristics
A total of 244 patients were identified with metastatic pancreatic cancer receiving SBRT and chemotherapy in our center. Thirty-three patients were excluded due to disease progression within the treatment period. A total of 75 and 89 patients received GT and GS, respectively. The median prescription dose and biological effective dose, α/β=10 (BED 10 
BPi
Pre-and post-treatment BPI scores of each group are shown in Figure 2 . No significant difference was found between baseline scores and those after treatment in each group. After treatment, the mean BPI of the GT and GS groups was 51.60±18.44 and 45.35±19.14 points, respectively. Regarding patient-reported global changes, a better response was found in 15 and 38 patients in GT and GS groups, respectively (P<0.001) ( Table 2) . Additionally, different chemotherapy regimens (P<0.001), PNI (P=0.04), BED 10 (P=0.015), and CA19-9 response (P=0.003) correlated with global changes in BPI (Table 3) . On multinomial logistic regression, compared with GS group, PNI ≥47, BED 10 <60 Gy and CA19−9≥74 U/mL without response, the probability of GT group, patients with PNI <47, BED 10 ≥60 Gy, and CA19-9 response achieving better global change was 0.299 (P=0.015), 0.348 (P=0.019), 3.083 (P=0.041), and 3.272 (P=0.042), respectively (Table 3) .
eQ-5D-5l
Pre-and post-treatment EQ-5D-5L scores of each group were shown in Figure 3 . There was no difference between pre-and post-treatment EQ-5D-5L scores in GT group, while the post-treatment EQ-5D-5L score was higher than that at baseline in GS group (P<0.001). After SBRT and chemotherapy, the mean EQ-5D-5L of the GT and GS group was 0.46±0.35 point and 0.60±0.30 point, respectively. The better change was found in 20 and 42 patients in GT and GS group, respectively (P<0.001) ( Table 2) . Furthermore, different chemotherapy regimens (P<0.001), gender (P=0.007), baseline CA19-9 level (P=0.003), BED 10 (P=0.001), and CA19-9 response (P<0.001) associated with global changes of EQ-5D-5L (Table 4) . On multinomial logistic regression, compared with GS group and CA19−9≥74 U/mL without response, the probability Abbreviations: BPi, Brief Pain inventory; eQ-5D-5l, 5-level european quality of life 5-dimensions; gs, gemcitabine and s-1; gT, gemcitabine and nab-paclitaxel.
of GT group and patients with CA19-9 response gaining better change was 0.334 (P=0.031) and 3.562 (P=0.041), respectively (Table 4) .
Propensity score-matched analysis of BPi and eQ-5D-5l
Based on the previous results, BED 10 , PNI, and VAS were included as the independent variables for propensitymatched analysis of BPI. Sixty-three patients in each group were matched. The mean BPI of GT and GS groups was 52.25±17.77 and 46.38±19.41 points, respectively. A total of 12, 23, and 28 patients responded better, no change, and worse, respectively, in the GT group, while there were 24, 26, and 13 patients with better, no change, and worse response in the GS group, respectively. More patients had the remission of BPI in the GS group (P=0.002). Furthermore, for the analysis of EQ-5D-5L, gender, baseline CA19-9, and BED 10 were included for propensity score matching. A total of 62 patients of each group were matched. The mean EQ-5D-5L of GT and GS groups was 0.47±0.35 and 0.60±0.31 point, respectively. A total of 16, 21, and 25 patients responded better, no change, and worse, respectively, in the GT group, while there were 28, 25, and nine patients with better, no change, and worse response in the GS group, respectively. More patients had improvement in EQ-5D-5L in the GS group (P=0.002).
Overall survival (Os)
The OS of GT and GS groups was 9.9 months (95% CI: 8.7-11.0 months) and 11.1 months (95% CI: 10.5-11.7 months) (P=0.002). Additionally, after propensity score-matched analysis, a superior OS was found in the GS group (GT group: 9.9 months [95% CI: 8.8-11.0 months] vs GS group: 11.1 months [95% CI: 10.6-11.6 months]; P=0.005).
adverse effects and response of radiation therapy and chemotherapy There were no grade ³3 acute and late radiation-induced toxicities in the GT and GS groups. Only 17 (22.7%) and 21 (23.6%) patients had grade 1 or 2 radiation-induced gastrointestinal toxicities in the GT and GS groups, respectively (P=0.89). However, regarding chemotherapy, more patients experienced grade ³3 hematological toxicities, including leukopenia, thrombocytopenia, and anemia, in the GT group (n=25, 33.3%) than those in the GS group (n=16, 18.0%) (P=0.024). Additionally, the incidence of grade ³3 gastrointestinal toxicities tended to be higher in the GT group than in the GS group (n=17, 22.7% vs n=10, 11.2%; P=0.049).
Regarding CA19-9 response, 59 patients had a significant decrease in CA19-9 level (CA19-9 levels ≥74 U/mL with response) and 13 patients had no decrease in CA19-9 level (CA19-9 levels ≥74 U/mL without response) in the GS group, while there were 15 and 38 patients with and without decrease in CA19-9 level in the GT group, respectively (P<0.001).
Discussion
In this study, the median profile of BPI and EQ-5D-5L was significantly better in the GS group than in the GT group after SBRT and chemotherapy, indicating that patients receiving GS were more likely to have improvement in BPI and EQ-5D-5L. Furthermore, adjusted analyses showed that more patients in the GS group reported decline in BPI and increase in EQ-5D-5L compared with those in the GT group. Hence, patient-reported global changes were consistent with changes in BPI and EQ-5D-5L scores.
The goals of treating metastatic pancreatic cancer were to mitigate symptoms and prolong survival. 25 The finding in our study that HRQOL scores remained stable with GT regimen agrees with a recent systematic review, which clarified that of the 14 included studies on metastatic pancreatic cancer, five studies reported improved HRQOL scores, six studies reported stable scores and three with worsening scores. 26 Additionally, previous studies, almost in Japan, elucidated that S-1 could be an option in chemotherapy for pancreatic cancer, which provided similar survival benefits compared with gemcitabine. [8] [9] [10] [11] These results may reflect that in addition to recommended regimens in guidelines, S-1 could also be employed in clinical practice for Asians. However, in all the previous randomized trials, only clinical outcomes were reported, while no HRQOL data were shown. This is the first study to validate the use of BPI and EQ-5D-5L in patients with metastatic pancreatic cancer receiving S-1-based chemotherapy. Compared with baseline BPI and EQ-5D-5L in each group, only significant increase in EQ-5D-5L was found in the GS group after treatment. Moreover, more patients achieved better HRQOL in the GS group. The reason for the improved HRQOL associated with GS may be attributable to better response to the treatment. Because better tumor response may be hardly found in metastatic pancreatic cancer even though after aggressive treatment, CA19-9 response was considered as an alternative in this study. In the GS group, a significant decrease in CA19-9 level was found in 59 patients (66.3%), while only 15 patients had CA19-9 response in the GT group (20%). Correlations between response to the treatment and HRQOL have been clarified in other types of cancer based on Phase III randomized study. 27, 28 Another reason for the better HRQOL may be ascribed to lower incidences of toxicity in GS group. Fewer patients tended to experience grade ³3 hematological and gastrointestinal toxicities. Hence, the potential HRQOL benefit from GT regimen may have been compromised by adverse effects such as leukopenia, anemia, thrombocytopenia, fatigue, nausea, and vomiting. Likewise, though FOLFIRINOX was effective for pancreatic cancer, deteriorations of HRQOL may usually develop. 29, 30 Furthermore, it was elaborated that higher radiation doses correlated with an improvement in BPI other than EQ-5D-5L. Amelioration of symptoms, especially abdominal pain, should be given the priority in the treatment for metastatic pancreatic cancer, which was the aim of radiotherapy in addition to local control. Though our previous studies elucidated that BED 10 ≥60 Gy was predictive of tumor response, 5 and Krishnan et al 31 showed that patients with BED 10 >70 Gy had a superior OS, no studies have confirmed the correlation between radiation doses and alleviation of pain. However, better response to the treatment resulting from higher BED 10 indicated potential eradication of primary lesions, which may contribute to the remission of local symptoms. 
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Zhu et al Furthermore, it was identified that a superior OS was found in patients with GS. The potential reason may be that the incidences of adverse effects, including hematological and gastrointestinal toxicities, were lower in the GS group. Therefore, chemotherapy-induced toxicities may counteract the survival benefits provided by GT.
Our study has several limitations. Patient numbers in each group were relatively small, resulting in impermissible generalizations to be made to the broader population of patients. Additionally, due to limited life expectancy of patients with metastatic pancreatic cancer, questionnaires of HRQOL were only completed at baseline and right after SBRT and chemotherapy. Hence, no longitudinal data were acquired and long-term effects of GT and GS regimens on HRQOL remained unanswered.
Conclusion
Despite these limitations, this study has confirmed the validity of BPI and EQ-5D-5L in patients with metastatic pancreatic cancer receiving GS or GT. It provided insight into HRQOL following SBRT plus GS or GT, which has not been previously described. These results may be useful during determinations of therapeutic options for patients with metastatic pancreatic cancer and give support to the use of S-1 as a first-line regimen in this setting, especially for Asian patients. Future trials should incorporate HRQOL as an end point.
